Background: Historically human being exist in harmony with their environment. However, the current rapid urbanization, industrialization and expansion of different economic activities were lead to contamination of environmental resources. Hence, the aim of this study was determining the level of heavy metal contamination of soil in garage and auto-mechanical workshops and comparing with existing national and international standards so as to now the impact they had on human being and environment.
Introduction

Background
Historically human beings live in harmony with their natural environment. However, the current rapid rate of industrialization and urbanization (Jiang et al. 2013 ) and economic activities like mining (Navarro et al. 2008) , agriculture (Vaalgamaa and Conley 2008; Syed et al. 2012) , industries and transportation (Jaradat et al. 2005;  David and Sunday 2012) leads to contamination of environmental resources due to huge amount of waste they generate. For instance, gasoline, battery manufacture, metal plating, smelting, tanneries, petroleum refining, paint manufacture, pesticide, cosmetics, ceramics, pigment manufacture, printing and photographic industries, etc., are sources of heavy metal such as cadmium, zinc, copper, nickel, lead, mercury, cobalt, manganese and chromium (Kadirvelu et al. 2001; Alloway 1995) . Furthermore, automobiles' used oil, weared machinery, used batteries, organic and inorganic chemicals used in oil as additives were also release different heavy metals (EEA 2007) and these heavy metals enter the human being and environment through biomagnifications in food chains (Bradl 2005) , ingestion, skin absorption, inhalation of volatile heavy metals, leaching, runoff, deposition of atmospheric particulate, disposal of metal enriched sewage sludges and effluents. Once entered food chain and ecosystem, heavy metals have capacity to pose a wide range of adverse health and environmental problems (Tamene 2008; Cai et al. 2011) . For instance the study of Adela et al. (2012) confirmed that garage and automotive workers were in danger of impending lead toxicity and facing abdominal colic, constipation, fatigue and central nervous system dysfunction.
The study of Naser et al. (2011) and Itanna (2002) also confirmed that plants and leafy vegetables grown using wastewater and polluted soil can accumulate toxic heavy metals above maximum limit stated by FAO (1985) and USEPA (www.EPA.Gov.) causing serious risk to human health when consumed (Akinola et al. 2008) . Generally, toxic metals cause enzyme inactivation, acute mental lapse (lead), kidney, liver, gastrointestinal tract (cadmium) and central nervous system damage (arsenic) (Landrigan 1994 cited in Adela et al. 2012 .
Currently, the Shashemane City is characterized as one of the fastest growing city and center of business in Oromia region. Besides this, the number of garages are rapidly increasing and an individual may get garage in maximum of 1 km interval while is enjoying in the city. This implies that the, whether it is large or small scale garage, it releases different types of pollutant that have significant potential impact to environment (soil, water and air) (Adie and Osibanjo 2009; Olukanni and Adeoye 2012; Ololade 2014) undertaking different operational activities. These metals are none biodegradable and deposit themselves in environment resources and cause pollution. This was also the major challenges in Shashemane City due to absence of appropriate hazardous waste management and less emphasis given to garage and auto mechanical waste. To reverse the situations and inform concerned body, chemical analysis of soil and research are mandatory. However, there has not been agreed guidance and researches conducted on the heavy metal contamination of soils due to waste released form garages and auto mechanical workshops. Even the research studies conducted at different area were not directly related to garage waste and not complete rather specific to single types of metals while others depend on the source and types of waste. For instance, the Adela et al. (2012) focus on impact of exposure to lead by garage workers while the study of Itanna (2002) was about contamination of vegetables by wastewater; soil pollution by solid waste disposal sites Hunachew and Sandip (2011) . Hence the objective of this research is to analyze soil pollution status in garage and auto mechanical workshops and compare the result with national and international standard.
Methods
Description of study area
Shashemane City is one of the largest developing city found in Oromia regional state, west Arsi zone, and located 250 km south of the capital Addis Ababa. It had geographical location between 7°12′ latitudes north and 38°36′ longitudes east (Fig. 1) . The area lies within the Rift valley with altitudes ranging from 1700 to 2600 m above sea level. It receives an annual rainfall of 700-950 mm and has an annual temperature range of 12-17 °C (SWARDO 2006) . Major crops grown around Shashemane area are cereals such as teff, barley, wheat, maize, sorghum and root crops like potato and sweet potato and vegetables such as cabbage, spinach and onion as cash crops. Annual crops are predominant and rain-fed agriculture is mainly practiced. The total human population of this area is 100,454 of whom 50,654 were men and 49,800 were women (CSA 2007).
Sampling and analytical procedures
A total of 39 (36 from garage and 3 as control) composite soil samples were collected purposively from 12 garage and auto-mechanic workshops in Shashemane City on the basis of the age of establishment of garage and auto mechanical workshops. Age of garage and auto mechanical workshops is one of the factors affecting the heavy metal pollution level of soil resources. Hence, garage and workshops that account age more than 3 years were considered and soil samples were collected from depths of 0-15, 15-30 and 30-45 cm using a depth calibrated soil auger. The sampler was inspected for possible crosscontamination and cleaned with ambient water for individual sample collection. Each sample were immediately placed in plastic bag and tightly sealed to avoid contamination form environment. Collected soil samples were air dried for several days in soil sample preparation room in Wondo Genet College of Forestry and Natural Resources. Then 2-3 g dry soil samples were digested in about 15 ml of aqua-regia (HCl:HNO 3 = 3:1) for approximately 4-5 h at temperature of approximately 110 °C followed by diluting the sample using distilled water of about 50 ml in a 100 ml Pyrex glass beaker. After filtering the solution, the filtrates were analyzed using atomic absorption spectrophotometer (AAS) at Ethiopian Environmental Protection Authority soil laboratory. Flame atomic absorption spectrophotometer was used for determining the concentration of Ni, Cr, Cd and CO while graphite furnace AAS was used for lead (Pb) analysis. The soil organic carbon was determined using Walkley and Black's method (Allison 1986) . After collection of all the necessary data, further data analysis (ANOVA, correlation and regression analysis) were conducted using Statistical Package for Social Science (SPSS) of version 20.0. Geoaccumulation index (Muller 1969) , contamination factor and degree of contamination (Hakanson 1980) , modified degree of contamination and pollution load index (Tomlinson et al. 1980 ) of the pollutant were also calculated using the following equations.
where I geo is geoaccumulation index of the metal; C n is the measured concentration of the element in the sample and B n is the geochemical background value. The The sum of individual contamination factor of the pollutant will give degree of contamination (Hakanson 1980) . Hence, degree of contamination (C d ) is computed by the following equation:
Fig. 1 Location of the study area
where Cf i is the contamination factor of each metals; n is the number of heavy metals under investigation.
The degree of contamination is aimed at providing a measure of the degree of overall contamination in surface layers in particular sampling site. Abrahim and Parker (2008) presented a modified and generalized form of the Hakanson (1980) equation for the calculation of the overall degree of contamination at a given sampling or coring site and this was used in this study.
where, m C d is modified degree of contamination, n is the number of analyzed element and C f i is the contamination factor.
The pollution load index which was proposed by Tomlinson et al. (1980) was also calculated for comparison of pollution level between sites and propose necessary action that should be taken. It was obtained as a concentration factor of each heavy metal with respect to the background value in the soil.
where n is the number of heavy metals under investigations; Cf 1 is contamination factor of metal one; Cf 2 contamination factors of metal two; Cf n is contamination factors of metal n.
According Tomlinson et al. (1980) , a pollution load index (PLI) <1 denote perfection; PLI = 1 present that
only baseline levels of pollutants are present and PLI > 1 would indicate deterioration of site quality.
Result and discussion
Chemical concentration of studied element
The organic matter content of the soil determines its quality (Komatsuzaki and Ohta 2007) . The mean organic matter content of the soil within study area was about 48.8 ± 11.5 and it vary in their concentration between samples (Table 1 ) and across the three soil sampling depth (Fig. 2) . Most of the soil samples under investigation had less organic matter and show a decreasing trend across soil depth. Similarly, the result of Pearson correlation analysis (Edwards 1976 ) indicated that there is negative correlation between the depth and soil organic matter content as in Table 2 . This might be due to continuous compaction of the area by cars and disposal of toxic pollutant that create unfavorable environment for soil microorganisms. The pH of the soil, which is an important parameter that directly influences mineral mobility, is also varying from 0.4 to 3.4 at study area. This characterizes the soil to be too acidic in the area. The pH and electrical conductivity of soil were also vary across the sample and sampling depth. These may be due to the manipulation and disturbance made by human activity within the garages (Allison 1986).
The mean concentrations of the heavy metals were varying per sample and within the study area. As indicated in Table 1 , the concentration of chromium (Cr), lead (Pb), nickel (Ni), cadmium (Cd) and cobalt (CO) were (6) % Soil organic matter = % organic carbon * 1.724 290.1, 782.1, 443.6, 133.1 and 331.0 mg kg −1 respectively. Accordingly, the trend of metals on the basis of their mean concentration was: Pb > Ni > CO > Cr > Cd. The variation of heavy metals mean concentration was also observed across the different soil sampling depth as indicated in Fig. 2 . These indicate that the concentration of lead is relatively very high compared to the other heavy metals within study area. This was in line with the finding of Endale et al. (2012) at Addis Ababa City. The possible reason for high concentration of lead within study area might be in appropriate use and disposal of leaded gasoline, body repair activity using metal welding and other garage wastes.
The variation of heavy metal concentration in the study area was due to the service year of garage after their establishment. The result of person correlation analysis (α-alpha = 0.05 and 0.01) between heavy metal and service year of garages also showed that there is a positive relationship among them though the magnitude of their relation ranges from moderate to weak (Table 2) .
However, this was not statistically significant for all metals except chromium when analyzed using one way ANOVA at α (alpha) = 0.05 as in Table 3 below. The other possible reason for the variation was illegal disposal of gasoline, used batteries, metals plating sand smelting that have potential to release hazardous toxic metal to soil. This was in line with the study of Kadirvelu et al. (2001) which states that garage activities like disposal of gasoline, battery manufacture, metal plating and smelting can release heavy metal such as cadmium, nickel, lead, cobalt and chromium. According to Ololade (2014) , these heavy metals were often contained as additives in lubricants and gasoline used by vehicles and hence contributed for pollution of soil due to inappropriate waste management. Land manipulation activity (like covering the garage compound with new soil from other areas) carried by garage owner due to fear of illegal activity (disposal of hazardous toxic waste) they are doing were also another source of variation of heavy metal across of samples and within soil sampling depth.
The concentration of heavy metal under investigation was relative very high when compared with other similar studies conducted in the country and outside the country (Table 4) . For instance, the mean concentration of Cd (133.1 ± 77.5) is relatively very high compared to the studies conducted by Itanna (2002) , Itanna et al. (2008) , Hunachew and Sandip (2011) and Melaku et al. (2005) . Similarly, its concentration is higher than the finding of Shacklette and Boerngen (1984) and Bradford et al. (1996) conducted in USA and China respectively. It is around two fold of the standard settled by united state Environmental protection agency and 45 fold of upper limit (3 mg kg −1 ) specified by European regulation standards. In line with Hewitt and Rashed (1988) , the source of high concentration of cadmium in this study area was metal plating, lubricating oils (grease), old tyres and ) are also very high compared to studies conducted by Itanna et al. (2008) ; Hunachew and Sandip (2011); and Melaku et al. (2005) in Ethiopia. It is also extremely higher than maximum tolerable standard of USEPA (1993) and European regulation standards (Ewers 1991) as in Table 4 . The highest concentration of lead observed in study area is most likely from vehicle emissions and leaded gasoline combustion. As pin pointed by Atuanya and Oseghe (2006) , higher lead concentration in soils has toxic effect on soil microorganisms which can in turn influence the presence of flora and fauna. It also leads to impaired mental and physical development, liver and kidney damage, brain and central nervous system damage, decreased hemi biosynthesis and serum levels of vitamin D in children (Needleman et al. 1990 ).
The chromium concentration relatively elevated compared to the finding of Itanna (2002) in soil sample taken from adjacent Bulbula and Kera river of Addis Ababa City and European regulation standards. However, it is lower than the united state environmental protection agency standards (1993) . In general, the area is extremely polluted by toxic metals under investigation and requires urgent response.
Index of geoaccumulation (I geo )
The geoaccumulation index (I geo ) was used to evaluate the heavy metal pollution by comparing current concentrations with reference (control) values. The results of sampling point wise geoaccumulation index value and contamination levels of different heavy metals in the soil of study area were given in Fig. 3 . According to Muller (1969) , this index consists of seven scales (0-6) ranging from unpolluted to very highly polluted. These seven descriptive classes were: <0 which imply practically uncontaminated; 0-1 = uncontaminated to slightly contaminated; 1-2 = moderately contaminated; 2-3 = moderately to highly contaminated; 3-4 = highly contaminated; 4-5 = highly to very highly contaminated and >5 very highly contaminated. The interpretation of the result was made based on this scale in comparison with control/refers sample.
The result of data analysis showed that the I geo was distinctively variable and suggests that soil in garages of Shashemane City ranged from uncontaminated to extremely contaminated with respect to the analyzed heavy metals. I geo revealed that except sample 8, 10 and 11 (which falls in class 1-uncontaminated/moderately contaminated), the remaining sampling points were falling in Class O (uncontaminated) with respect of chromium and sampling point 6 and 7 for nickel. In case of lead, among the 12 sampling point 8 of them were falling under extremely contaminated class. This high index is caused mainly by inappropriate disposal of hazardous waste like used oil and metallurgical activity.
Contamination factor, degree of contamination, modified degree of contamination and pollution load index
Soil in the study area were also assessed for contamination factors, degree of contamination, modified degree of contamination and the pollution load index, and the result are given in Table 5 . The interpretation of the result was made based on descriptive scales developed by Hakanson (1980) and Abrahim and Parker (2008) as given in Tables 6 and 7 .
The assessment of soil contamination was carried out using the contamination factor and degree of contamination based on four classification categories proposed Table 6 Contamination factors and degree of contamination categories with their terminologies for description Source: Hakanson (1980) S.n. C f classes C f and C d terminologies
by Hakanson (1980) while seven classification categories recognized by Abrahim and Parker (2008) were used for modified degree of contamination classification and description as presented in Tables 6 and 7 respectively. Based on the contamination factor values, the overall contamination of soils within study area were moderately contaminated by chromium and very highly contaminated by lead, nickel, cadmium and cobalt. The result of modified degree of contamination also indicates that the study area is extremely contaminated. This may be due to different activities viz. dewaxing and cleaning of vehicles; the storage, use and disposal of polluting liquids such as oils, paints, solvents, antifreeze and other coolant additives, brake fluids and solid waste such as oil filters, exhaust systems, batteries and tyres taking place within garage and auto-mechanical workshops. In order to minimize the effect of spikes of individual elements and to have accurate interpretation of the m C d result, the calculation of pollution load index was carried out and its result reveals that the soil quality of study area were deteriorated. Thus urge for immediate interventions to ameliorate the pollution within study area.
Correlation matrix
Pearson correlation analysis (Edwards 1976 ) was performed between all the variables to check their interaction with one another in the study area. The level of significance (P ≤ 0.05, p ≤ 0.01) of heavy metals correlation for soil samples was determined and the results were given in Table 2 . The Pearson correlation (r) values showed that there is strong negative correlation and statistically significant relation between depth of soil sample and soil organic matter within study area. There is also weak to moderate correlation between service year (year of establishment) of garage and heavy metals under investigation. For instance, chromium and nickel show positive and statistically significant relation with year of garage establishment. The correlation coefficient matrix of pH, electrical conductivity and soil organic matter indicated extremely weak to weak relation with heavy metals under study. The metallic-metallic correlation coefficient in the soil samples with p < 0.01 was observed between cobalt and nickel metal; which indicates that they inter the soil from rechargeable batteries and repair of automobiles within garage. In other vine they come from common anthropogenic sources.
Conclusion and recommendation
Soil is the major repository of different pollutant emitted from different sources especially from anthropogenic activity and leading to deterioration of quality of soil resources. This was greatly aggravated by current rate of industrialization and urbanization that release huge amount of heavy metals to surrounding environment. Garage and auto-mechanical workshops are also another source of hazardous pollutant for soil resource and causing disruption of normal function of soil resources. Thus, the pollution of soil resource is calling for great concern though it is characterized by the problems of developed countries. The impact of soil pollution is found to be more hazardous for developing countries like Ethiopia due to lack of proper consideration and management. The wittiness for this conclusion may be allocation of trade license carried out by trade and industry bureau for garage workers here and their within vicinity of individual residences. The result of this study also proofed that garage and auto-mechanical workshops have the potential to emit huge amount of heavy metal pollutant to soil resource. This may in turn leads to several health related hazards when individuals are exposed to these polluted soil around and within garage areas. A lots of study showed, exposure to heavy metal would result in reduced oxygen flow in red blood cells, disruption of ecosystem function, increased risk of chest pain for person with heart disease and death. Therefore, in order to reduce the contamination of soil by heavy metals around garage, appropriate areas should be selected like developing garage and auto-mechanical zone, regulation and management of hazardous waste released from garage should be carried out by environmental authority and trade and industry bureau as well. Furthermore, application of phytoremediation is also required in order to reclaim extremely contaminated soils. 
